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(57) Abstract 

The gene for human ocdudin, an mtegral transmembrane protein specifically associated with tight .iunctions that functions in forming 
inl«iceUulBr seals, is clonod, characterized, and sequenced, and the polypeptide sequence, detemUneiL. Drug deliveiy ts enhanced by 
admhiisternng m effective amount of occUidin inhibitors. Iliese include peptides or antibodies that ioferact vi^'th occhidin or occhutin 
leccplors. Also included are occhidin antaganists, ocdudfai receptor cpmponenis, and mixtures theteof. In some embodiments, knalogues 
of occludin surfiux loops that inhibit ad^csiob' and/or hairier properties aie employed. Admintstratios can be local or systemic; local 
administration in a fdiaimaccutically acceptable carrier is preferred in some embodiments. 
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WmJ^ OCCHJDIN. ITS TISES AND 1?.lWH^ ^rTnLnPx r| . Q^itnTf; 
ABSORPTION IJSlNa nrn.^nr >iN iNwra^ n^y^ 



Related Application Data 

Tliis is a contiiiuatk)n.in.i»?t of co-pending II.S. patent iJ|>plication serial 
number 60,013,625. filed March 15. 1996. 



Technical Field 

This invention relates primaifUy- tpr the enhanceoient of dpj;5 absorption 
across epithelial and endothelial barriers using occludin inhibitors. 



Background of the Inyoition 

In mammalian cells, intercellular junctions are typicaUy «itj®>rized uito 
four types, based on early electron microscope studies: adherens juiKUions. 
d^osome;, gap junctions, and: tight junctions. Recent research interest has fo- 
cused on the molecular organization and funptions of these junction? , to not only 
explain oell-ocU interactions and conflnunication within mujti-cellulaj organisms, 
but also to regulate paraceUular permeability for therapeutic puiposeii. 

Drug absorption across epithelial and endoflielial tissue is jiinited in 
15 several stages. One importam barrier is created by intercellular tight junctions 
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which limit movement of substances between cells (Anderson^ JM., and Van Ital- 
lie, C.M„ Am. 7. PhysioL (GJ and Uver) 269:0467^75 {199;5)). Hie tight 
junction barrier appears to be created by extracellular contacts o f a transmembrane 
prmein called occludin. The protein was originally cloned from the chicken 
5 (Furuse, M., et aL, J. Cell Biol. 223: 1777-1788 (1993)). Occhidin has subse- 
quently been cloned land sequenced from human, nidiise, dog and rat Icangaroo 
(Ando-Akatsuka, Y., et aL, J Cell Biology 133: 43-47 (1996). Human occludin 
has also been cloned and sequenced by applicants (Genbank Aci:<:ssion US3823; 
see SEQ ID NOs 1 and 2 and Figure 1). ^ 

10 Tight junctions create a rej^lated f)aracenular barrier to the movement 

of water, solutes, macromolecules, immune cells, and the lik6 t)«.tween and among 
both epithelial and endothelial cells. New evidence has elucidati;^ information 
about proteins involved in this dynamic regulation. 

It would be beneficial to utilize this information to alltsr paracellular 
15 permeability for ^pedfic medical pliiposesr ^ 

Summary of the Invention 

' -1,"' c ■ ■■ -' i ■ ' ■ • ;V' I 

It is an object of the invention to provide the sequertce of cloned human 
occkidin. ^ 

20 It is another bbject of the invention to t>roviiEle a methidd for the se]d:tive 

enhancement of tiansmucbsal 6r transvascular drug delivery. It has been demon- 
strated that pq>tides cotresponding to the extracellular fragmetts of bunum 
occludin are capable of inhibiting cell to cell adhesion (see the examples that 
follow). Further it has been shown that pq^des corresponding to extracellular 

25 sequence Of occhidin can interrupt the transmonotayer barriei propenies of 
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cultured q)ithelial cells (Wong and Gumbiiier. B, (1997) J. Cell Biology 136:399- 
409. Also see Figure 2. 

These and other objects are accomplished by the present invention, 
which provides cloned human occludin and methods for alterin{; occludin's barrier 
5 properties. Hie sequence of occludin proyides occludin-based screening assays for 
occludin inhibitors such as binding assays, assays that measure liilhesiye proper- 
tie$, and the like, particularly those myolving the extracellular loop sequences 
given below. In some embodiments^ fibipbh^;-,adh^iqn nicasui:«;ment5, e, g. , 
those employing electrical resistance or transmpnolayer flux mejUiuren^nts are em- 
10 ployed. 

. In other embodiments, the inyentio^ proyides a method for enhancing 
dnig delivery by disrupting the, intercellular seal providled by In accor- 

dance with this embodiment of the invention, effective amounts of oqcludin inhibi- 
^ tors ancl/oT inimics such as peptide fragmetits of occludin and tb: like compounds 
15 identlficfd in ^screens are adniini$tered to a patient^ typically in combination with 
another drug or a mixture of drugs. Minucis incjlude,. but are not liinited to, 
peptides analogous to sequences disclosed herein that have sequence alterations 
w. , that enhaipe, soluble or other propertie^,desjl|ab{e for achieving desirable 

pharin^ological effepts described hereafter. Admini^tion can te local or sys- 
; . 20 teniic; local administration is prefonred in some em^in^ents. 

: Qri^f Description of ttie Figures 

. Figure 1 sets out the cDNA sequence of human occludiiii (SEQ ID NO 
1) and the deduced amino acid sequence (SEQ ID NO 2). The figiure employs 
standard one-letter nomenclamre for the amino acids: A, Ala; Q Cys; D, Asp; 
25 GIu; F, Phc; G, Gly; H. His; I, Be; K, Lys; L, Leu; M, Met; N. Asn; P, Pro; Q, 
Gin; R. Arg; S, Ser; T, Thr; V, Val; W. Trp; and Y, Tyr. The <rxiracellular 
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loops described hereafter arfc denoted as boxed regions, as are th« positions 
wherein translation starts and stops. 

Figure 2 is a graph showing inbibition of occludin-dejKsndent intercellu- 
lar adhesion using extracellular loop peptides corresponding to tin; N-tenninal half 

5 of dcchidiri extracellular ioo^t #1 (peptide 1, SEQ ID NO 3) and ihe C-lerminal 
half of extracellulaf loop *1 (peptide 2. SfiQiD NO 4) companjd with an irrele- 
vant peptide (peptidi 3. SfiQ ID NO 6). Caco-2 cells were plal«d on Falcon 
tiansweU cell cultlirc inserts ii DMEM supplcmeiitcid With 10%^ fefeil bovine seium 
and allo^iwed to attach for 24 hoilrs. Confluent monolayers were^ wishied three 

10 times with calcium- and magnesium-free phosphate buffered saliiie^aiid incubated 
in low calcium medhun (supplemented with 5% dialyzed fetal he vine serum) for 
' 24 hours, transepithclial eleciricai ressitaiki waS measiifisd (tijiie 0) and an equal 
volume of 2X DMEM/26% fetal bovine serum was added to alll weUs. To some 
wells, peptides were added with the fresh media. AU peptides «'ere added to a 

15 final concentration of lOOpM\ tnuisepithelial electrical resistance w^ measured in 
3 wells 6f each treatiient condition. Symbols tepreseiit^tte m^an and standard 
. 'deviation of ellich rndtetitdment; 

Figure 3 show gftphs &miMurir^ aggre^ 
ti^fectcd ceU bccludiii is expifessed from a buty^a^ 

20 Aggregation kinetiw tff the various fibroblast bells lines (control untiansfected 

NRK, rat-1 and I^cells) and occhidin-transfected ceU lines (N2,«cc, R9occ. L5occ) 
without (-) and with (+) 16 hours of butyrate induction as rociiiwred with the 
Coulter counter. The decrease in the relative percent of psih&les (fl/No x 100) as 
a function of time indicates the extent of aggregation. Tlie results from at least 

25 three separate experiments are conibined; {♦P<0.01, Al^OV^,)- 

Figure 4 compares aggregation in nit-1 cell clones. iTie difference in the 
percem of adhesion (N/No x 100) at 80 min in rat-1 cells Whliout (-) and with (+) 
butyrate treatment is compared for the parent cell line (rat-1) and two occludin- 
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tiansfected clones (R9occ and Rllocc) which express different levels of human 
occludin* Results from three separate experiments are combin^l. 

Figure 5 shows aggregation of N2occ ceUs in the absinice or presence of 
various concentrations of synthetic peptides. Peptides were added in equal 
5 volumes of PBS at the start of the incubation, period; extent of ^aggregation is 
shown after 80 minutes of incubation. Loop peptides represent contiguous 
sequences in the first extracellular loop (SEQ ID NOs 3 and 4); the internal 
• peptide h^s the same pi as loop peptide #1 . Peptide sequences ire given in the 
: : Espmples section. One of three experiments witti identical results is shown. 

10 ,r; Detailed Desxriptio^ 

. This invention Is based upon the elucidation of the si^ipience of human 
ocpludin. DNA sequences encoding human occludin were cloiu:d» characterized, 
and sequenced, and ttue amino, acid sequenicp of the ppiypq>tidc was deduced. See 
;^ig]ure 1.^ Th& $lata.show that the two. extracellular domains of tiuman occhidin 
c 15,, ; contain a bigUy ii^i^ aci<l sequence riqh in tyrosine a:nl glycine residues. 

The. more apuiioHerimnal extracellular domain of hiunan occludin contains nine 
repeats of the dii>eptide glycine/tyrosine. Copiparison of the S iivailable deduced 
amino acid sequences of occludin from different species demoiutrates that the first 
1 loop, in all species is^ very tyrosine- and j)yciite-rich. However, the amino acid se- 

20 ^ quje^ce jtsplf is not well conserved, sugg^ting sonietlung unique about the chemical 
properties but not necessarily the qiecific aniiiK) acid sequence. In contrast, com- 
parison of the second extracellular loop demonstrates a very ccrtserved sequence. 
Both extracellular loops then provide a unique opportuxiity to develop inhibitors. 
In the case of loop 1, this would be more dependent on its unuisual chemistry or be 

25 species-specific. Drugs develcqied for human use may npt be active in other 
aaima]i species. In the case of the second loop, there is a specilic sequence 
requirement conserved across species. 
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This invention thus provides isolated and purified huiian occhidin, and 
fragments thereof useful for theicpeutic purposes, and purified :i;tid isolated DNA 
comprising DNA sequences encbdifak $«nan occhidin (afid fragments thereof), and 
purified and isolated DNA comprisingjDNA sequences which hybridize under 
5 stringent conditions wfth scsquences' en^ding the protein or its liagmenU. Also 
provided are RhfA sequence* corteSpopding to the DNA sequences. 

' " ] 

In one enibbdiment/thb bvktion provides purified ard isolated DNA 
eiwKling tte dedui:ed huinaii occiudinU out ih Figure 1 (resithies 534 to 2003 of 
SEQ ID NO: 1), degenerate and complimentary sequences, and sequences that hy- 
10 bridize under stringent conditions witi the sequence. Also encompassed by this 

invention are cloned sequences defiKiik *^ ^ 

to transform or transfect a host cell for protein expression using standard means. 
Also encompassed by this invention are DNA seqi«:nces homol ogous or closely 
related to complementary DNA desbribed herein, namely DNA sequences which 
15 fi^bridiz^ to iicludiin'cDNA^ i^rticuWl/^^^ stringent condiitibhs that result m 
^airir^ ohly tietwt^i. niicieic^ a^id ftifehiehtS that h^ve a high fniqUency of com- 

' - occiudin-encoding ^quertces, Di^A ^hcdihpasSbd by tliis inverdon may contain 

' ■ additional seqiiences/d^pendii^^ipb^ vector 

io expressTbh of the geneV Also tnco4*assa are sequences enctKling synthetn: 

' occhidin pe^ or pbiirp^^es^^rting ^ctiv^ 

' lik bVaoi^ occhidlh; p^^^ 
aid endothelial barrier^. These^ Urtfed to herein as -biological equivalents or 
varian^s.•■ and in some embodiment* have at least about 80%. preferably at least 

25 about 90% sequence homology with! occhidin. 

■ .■ ■■!'•■ 

Because of the degeneracy 6f the genetic code, a viu iety of codon 
change combmatlons can be selected to form DNA that enc«U« occludin of this 
invention, so that any micleotide delefion(s). addition(s). or pt-int mutation(s) Uiat 
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result in a DNA encojding die protein are encompassed by this iavention. Since 
certain codons are more efficient for polypeptide expression in <:ertain types of 
organisms, the selection of gene alterations to yield DNA material that codes for 
the protein of this inventipt^ are preferably thos^ that yield the most efficient 
5 expression in the type of organism which is to serve as the host of the recombinant 
vector. Altered codon selection may also depend upon vector construction 
considerations. 

DNA stajTting niaterial which is employed to form p>f A coding for 
' pccludjn peptides or polypeptides of this ii^veimon may be natuiial, recombinant or 
10 synthetic. Thus, DNA. starting material isolated frQm tissue or iissue culture, 
constructed from oligoimclepddes using convoitional methods, obtained commer- 
cially, qr prepared by isolating RNA coding for occludin^ and using this RNA to 
synthesize single-stranded qDNA which is used as a template to synthesize the 
corresponding double stranded DNA, can be employed to prep;i]:e DNA of this 
15 invention. 

^ DNA encpding the peptides or polypeptides of ^^^^ 
^ «: • , corresponding t^icretp, are then^ii^rted injaa yec^r. and ttie j^^pon^^u^ vector 
used to transform a miorobialjiost, organism. Example hp^ orgimisnvs useful in 
= the invention include, but are iiot lii^ bacterial {e,g.,^ E, i^ali pr B, subtilis)^ 
20 yeast (e.g., 5. cerevisiae), niamipalian (e.g., mouse fibroblast ;pi,^^other cell line) or 
insert (e.g., baculoviius ejfpression system) qells, This iijvenjtioii ^hus also pro- 
r vides novel, biologically , func viral and drcular plasqaid lU^A and DNA 
vectors incorporating i(NA arid PN A: ^uences describing occ tudin or occludin 
fragments generated by .standard means. Culture of host prgani^ims stably trans- 
25 formed or transfected with such vectors under conditions facilitative of large scale 
expression of the exogenous, vector-borne DNA or RNA sequences and isolation 
of the desired polypeptides from the growth medium, cellular lysates, or cellular 
membrane fractions yields the desired products. , 
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The present invention thus provides for the totaL and/or pdrtiat manufac- 
ture of DNA sequences coding for occludin, and including such advantageous 
characteristics as incorporation of codons preferred for expressior; by selected non- 
mainma]ian hosts, provision of sites of cleavage by resUriction eiulonuclease 

5 enzymes, and provision of additional initial, terminal or intermediate DNA se- 
qiteiices which facilitate construction of readily expressed vectors. Corresponding- 
ly, the present invention provides for manufacture (and developicent by site specif- 
ic mutagenesis of cDNA and genomic DNA) of DNA sequences, coding for 
microbi^ eXjiiression of occludin analogues which differ from tlie form specifically 

10 described hereiii in terms of identity or location of one or more siniino acid 

residues (i.e:V deletion analogues conntiiinihgiess than alt of the residues specified 
for the protein, and/or substitution analogues wherein one or more residues are 
add^ to a' terminal or a medial pbnion of the polypeptide), anci which share or 
alteii^ the biological properties of occludin described herein. 

15 DNA (and RNA) sequences of this invention code for all sequences 

useful in securing expression in procaiyotic or eucaryotic host i^ells of peptide or 
pbfypejptide prodiiets having at least a part' bf the primary structural conformation, 

by: (a) the I>NA sc^eiices^ncckUng'ow described he«iin, or comple- 

20 mc^nt^ strands; (b) DiNA seqiiences whieh hybridize (under hybridization 

condiUohs) to DNA sequences defined in (a) or fr^ments thereaf; and (t) DNA 
sequ^iices'which, but for the degeneiracy of the genetic code, wwld hybridize to 
the DNA scqpiencesr dcffaied in (a) and (b) a^^ SpccificaUy ix)inprehended are 
gehoinic DMA sequences encoding allelic vari^ fentis' of occhidin inchided there- 
25 in, and sequences encoding RNA, fragments thereof, and analogues wherein RNA 
or D^i A sequences may incorporate codons facilitating transcrijition or RNA 
replication of messenger RNA in non-vertebfate hosts. 

The results in the examples that follow stiow that tliic human cDNA can 
be transfected into cultured fibroblasts. Fibroblasts do not express occludin; they 
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Ijye as single cells and do not form barriers. Introduction of o:cludin into 
fibroblasts causes them to adhere to one another. Two separate; pq)tides corre- 
sponding to the first and second half of the first extracellular lc<:>p have been 
shown to uihibit the cell/pell adhesion in occludin-transfected fibroblasts in a 
5 quantitative assay that measures cell-to-cell adhesion. This show's that the first 
loop is involved in an adhesive event and that the peptides thenuelves are competi- 
, tive inhibitors pf adhesion. Figure 2 provides data showing this same peptide 
inhibits transmonolayer electrical resistance in cultured human cxilonip epithelial 
cells. Thus, the peptides are occludin inhibitors. Data reported m AVpng and 
10 Gumbiner (cited above) demonstrate that the second loop is ablc^ to interfere with 
barrier properties of cultured monolayers and increase flux of tiacer molecules. 

The invendon thus also prqyides. the occludin peptide!! or polypeptides 
«^ncoded by the above-described DNA and/or RNA, obtained by isolation or 
reconxbinant means. In one embodiment, for example, the invention provides a 
15 polypeptide having an amino acid seqiience depiclipd in residues numbered 58 to 
104 ^f human occludin depicted m Figure 1 (residuies 90 to 138 of SEQ ID NO 2), 
or fragments or bipk>gical vanants Uierro^^ another qnbpdinu^nt;, the invention 
provides a polyp^tide having the amino acid sequence depicted in residues num- 
, bercd 464 to211 of the huinan occludin dq)icted in Figure 1 (n^fidues 196 to 246 
20 ^ of SEQ ID NO 2), or fragments. or biological variants thereof. 

The invjention correspondingly provides peptide miipics such as peptide 
. , ffagmentisf of occhidiii and function^ly equivalent^ counterpart tli^it demonstrate 
activity in barrier disruption. For example, alterations in known sequences can be 
performed to enhance solubility or other properties desirable for the pharmacologic 
25 effect. 3ince the extracellular loops are involved as receptors in iidhesion and 
sealing, the sequences can be use^J in in vivo assays to screen for receptor Itgand 
agents which interrupt their adhesive properties. 
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For the construction of shorter peptides, piefened syntheses of occhidin 
fragments of the invention may be by standard chemical means involving the or- 
dered assembly of the peptides from constitutent amino acids. It is ah advantage 
of the invention that since the two extracellular domains of human occludin exhibit 
S a highly unique amino acid chemistry, rich in glycine and tyrosi]u\ many peptides 
of the invention may be easily manufactured uang the two constituent amino ac- 
ids. Motebver, the uniqueneiss of the region pioviides a novel taq^et for com- 
pbiinds which selectively disrupt occludin's seal sind enhance intcirelliilar drug 
delivery. ' 

10 Isolation itihid purification of peptides and polypeptides provided by the 

invention are by conventional means including, for example, pn:]wative chro- 
ihatograptiic sepkratioAs siiich as aHinity, ion-excha%e. exclusior, partition, liquid 
and/br gas-liquid chirbknatography; zone, paper, thin layer, cellutlose acetate mem- 
br^, agar geU starch gel, and/or acrylamide gel electrophoresiis ; immunological 

15 separatidiik^ including those using monoclonal and/br polyclona], antibody prepara- 
txms; aiki combinaiidtis of these with each other and with other separation tech- 
iliqii^' ^hiaiiS'c^tibiibgatiott and dialysis, arid the like. 

^ It an advantage of the invention tlia:t th6 isolation sjtd piuification of 
human occludini provides a polyi^eptide ithat is useful in the development of com- 
20 pounds that selectively alter the intercellular seal for the piupo!;i: of enhancing 

£ransmucdsal and trahsendotheiial dn^^^ The delivery of larger materials, 

e.g., viral paitidfes ui^ for therapeutic gene &Kvi^, can also be enhanced. 

F^^tidfe regions which interact with the sealing surface and disrupt the 
25 barrier properties define piiotem regions responsible fb Synthetic com- 

pounds mimicking this chemistry can then tested for isimilar p roperties. In this 
approach, occhidin is considered a cell surface receptor whose; adhesion creates the 
barrier. If the seal is formed by homotypic contacts, then occudin is both the 
receptor and its ligand. The extracellular domains, or representative peptides, are 



< 1 206 682 6031 > at 5/1/02 3:13:21 PM [Eastern DayltgW Time] 



05/01/2002 11:44 FAJ 1 206 682 6031 SEED IP LAW GROUP PLLC 

! 



@054 



WO97/3360S I'CT/1JS97/OS809 

-11- 

used to establish in vitro binding assays^ and these assays are ua:d to screen for 
compounds that disrupt binding,, Recombinant fragments could :>e used, for 
example, in routine EUSA binding issays, phage display libraries, bacterial 
libraries or other known noethods that screen large coinbinatipns of peptide 
S sequences or other compounds. 

This invention thus provid^ a method for screening Ifor oceludin 
inhibitoi^, , As used herein, an oqclu^in inhibitor is aiqr substance that enhances 
par^^llular permeability through sfwsjcific interaction with extracellular protein 
^ sequences of oi^cludin. Occhidin inhfbjfors are idemified ni screening assays when 
: 10 test compounds inhibit a tunctiooal pjroperty of occludin, //i virro assays, for 

example, test compounds that bind t(| the extracellular loops of occludin expressed 
as recombjnant or sypthctic peptides^fragments or derivatives thercot particularly 
assays that bind to residues 90 to Bfij of SEQ ID NO 2 and/or residues 196 to 246 
of SEQ ID NO 2 (or fragments or variants, and mixtures of thtisie). Any standard 
15 binding assay can be used to screen the iirteractipn of large collections of test 

compounds with a target. ^ Compounds chat bin^ to ocxludin anj.potential occludin 

Alternatively, in vitro assays based on the intemiptian of adhesive, 
properties of the extracelhdar protein :sequences of occhidin expressed as recombi- 
nant, synthetic or altered sequences, -^r fragments thereof, for binding other 
. , n scqueiices pf occhidin or pcgludin rectors ^ employ^. , For example, a 
5 . fluorescent; labelled fragm^ of occtadin is ^e^ea^ into th^ fluid phase and 
dejected spectrophptometncally. Oth^r assays mchide fibroblast adhesion assays 
such as those described in the examples fliat follow, or binding of occludin-trans- 
femd fibroblasts to a solid phase on which test compounds are l>ound. Some 
assays involve transmonolayer flux nijsasuiieinents. Any test compound which 
10 inhibits occludin binding is identified as an occhidin inhibitor for further evalua- 
tion. 
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In one embodiment of thie iiivehtion, the method screens for the presence 
or absence of occludin inhibition by a test sample by (a) adding t][>s test sample to 
an in vitro culture of epithelial or endothelial cells;' (b) adding at; occhidin loop 
peptide and the test sample to i second culture of the same cells; (c) incubating 

5 the cultures for such time under such conditions sufficient to observe growth in 
culmres containing no test sample; (d) comparing the extent of adtesion in 
cultures with test sample and peptide with th6 extent of adhesion in cultures with 
no peptide; and (e) detentiihing the pfesehce of inhibition by olKsetvation of more 
'adhesion in cultures^ with^test'saihple^aikl kss; adhesion iri' cultures having test 

10 sath^le and peptidbJ In aiii al^ihs^ embodiment, ^e^ method for screening for the 
presence or absence of occhidin inMbitioii by a teisi sample complises: (a) adding 
the test sample to an in vi^m culture of epithelial or endothelial c^^Us; (b) adding 
^'an ccchidih loop pq>tide and tb^ test sample to' si second <^ulmFe cf the same cells; 
(C) addiz^ a tracer compound to both culmres; (d)^ incubating tic cultures for such 

IS time under such conditions sufficient to obsove growth in cultmcs containing no 
' test samjple; (e) comparing the extent of tracer uptake in cuMtes with test sample 
' ' ^d'^tide with the extent of tracer uptake in ctfltures ^ith lio^ j>:tptide; and (f) 
determining the presence of inhibition by observatbn of increast^t tracer uptake in 
cultures with test sample and decreased tracer intake m culmres tiaving test 

20' sample and [Kptide. ' ' 

Compounds exliiblting atctivity are tbeiii tested for their ability to inhibit 
the barrier in ciilttited mbnolayi&r$ of epithelial ceUi. Cbni^oi&tcte^exhibiting 
' ' activity i/i vitto ih suchlis^ys 'Sfre l^ tested in vtva and xnodilied to eliminate 
toxic effects and ojitmiize siolubiiity or ottier propertied reqiiirecKbr (^brtain 
25' applications. The invention provides a way to deflne compounds which can be co- 
administered with therapeutic drugs to enhance absorption to test on animals and 
humans. The liniique sequence lioformation is thus tjisefiil for tlu: development 
therapeutically relevant' compounds. ' 
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For example, in in vitro sealiiig experiments., peptides representing frag- 
ments of the sequence are first generation inhibitors. Testing those that inhibit 
may be further modified to provide second generation inhibitors, i>r be used to 
design mimicking compounds. Information from first generation inhibitors can 
5 also assist in screening libraries of compounds. Methods of the invention are ap- 
plicable to any type of human tissue, including, but not limited to , oral and nasal 
mucosa, gut, dermal^ blood vessel, and airway tis^e. 

, ^ o practice of this aspect of the invention, (bug ^deJiiA ery enhanced 
in hunian paticjnt^ by admip^traUon of an^effectiye amc^^ an (ccludin mbibitor 

10 to the patient. By "occludin tsbibitor** is mesmt any inhibitor of <>xludin function, 
occludin peptide fragments anjd analogues that bind tp occludin recq)tors, antibod- 
ies to occludin or occludin fragments, occludin receptor antagonists, soluble recq>- 
tor components that bind to occludin, antibodies to components of occludm 
receptors, and the like. Mixttures of inhibitors can also be employ ed, as well as 

\5 inhibitors of occludin synthesis or stability. In some embodime,ots of the inven- 
tion, inhibitors are administered with at least one ptfier compound that enhances 
, the inhibitory effect ancl/or stabilizes th<p mhibitor in Ihfi fojqtnulatirCkn ai^ininistered. 

Administration of occludin inhibitors can be local or syisiemic. Local 

.administratipa is pnefened i^n some embodinients. In these embodiments, at least 
20 . one oQcludUi inhibitor, preferably in association with a phannacj^tically acceptable 

carrier iiii^wtuch ttM;.inl4bitor is diq[>ased or sohibiliizsed^ is topically aj^lied in 
/ : effective amounts (q. the skin as a solution, . lotion, cream, soap, j^nl the like, or 

nasal mucosal and/or l^qg tissue usiiig aerosols, inhalants, nasal dr3p5, nasal 

sprays, and the like> 

25 . . Systemic administration of occludin inhibitors in other embodiments can 

be via any method known in the ait such pts, for exaipple, oral administration of 
losenges, tabtets, capsules, granules, or other edible compositions; Intravenous, 
intramusculaf, or intradermal administration, e.g., by sterile injections; parenteral 
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ai^nistration of fluids' and the like: Combinations of therapies iitay also be 
employed. 

The amount of occludin inhibitor necessaiy to bring about the thera- 
peutic treatment is not fixed per se, and necessarily is dependent itpon the drug 
5 defiveiy to be enhanced, the particular inhibitor employed, the piDiibuIar drug 
employed in combination with ocbhidin iiihibitor, adjunct compounds in the 
composition administered that enhance the inhibitory effea wher; present, the age, 
Wdght, '^d clinical condition of the ^tient to be tneated, and the concentrations of 
tti^e ingredients jjn the fbniio^ 
id ticaJiy acceptable carrier. Generally the 'dose should be sufficient t6' enhance dinig 
delivery Vidlbut producing unacceptable toxicity to the patient. 

As mentioned above, compositions of the invention are ^pically applied 
in admixtute with a phatmaceutically acceptable carrier or vehicle. Administration 
is facilitated and, in some tases, adiditidnal therapeutic eff6c& ait: provided by the 
' 15 cartiei-. Wten a calirier is empToyed, it is hecessaiy that ^e caiti^ be 5neit in the 
sense of libt bringing aboiit^ attd iif-tlLt'^ense of not 

bringing about any adverse effect to the patient to whom it is acbninistered. 

Suitable carriers include any t^ 

20 ' ingnsdieht^ at donceiitracions of acdve ingitdients mbst suitable for iise in the^ 

tiii^rapdutic treatment. Geiiendly; eVen'low 'cbncbntratlons of ainiv^' ingredients in 
a carri^ wilf 1)6 sllitabte. particulariy where nior^ fit^tient dn:^; adininisttation is 
required for enhancing driig therapy, it is desirable diat compixations' 5f the 
invention be formulated to contain amounts of inhibitor sufficient to provide 

25 enhancement of at least about 10%, preferably about 25% or liigher, ^.g., 50%, 
over -die drug delivery in the absence of occludin inhibitor, or allow absorption of 
drugs that would otherwise not be absorbed. Accordingly, cairiers will be chosen 
which c^ solubilize or disperse the active ingitedients at such concentrations. 
Examples of such cairiers include both aqueous and nonaqueous carriers. In addi- 
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tion, phannaceutical compositions or fonnulations may also include other carriers, 
adjuvants, stabilizers, preservatives, dispersing agents, and the like. 

It should be understood that in addition to the ingredients particularly 
mentioned above, formulations of the invention may inchide otiier agents conven- 
5 tional in the art having regard to the type of formulation in question, for example, 
those suitable for nasal administration may inchide odors, for oral administration, 
flavoring agents, and for topical apqplications, enioUi^ms. 

Alteriiatively, isqlatf^ and purified hum^ 
10 tide that can be used to proyide methods of enhancii)^ sealing f >r tlierapeutic 

purposes, such as, for example, by administration of effective s mpjunts of occhidin 
e;^[i9iicer$ or naodifi^ pt the, allcMSteric seal effectors. It is an iidyantage of the 
invention that the elucidation of the structure of human occliidui provides not only 
, , a way of enhancing transmucosal and tianseiidothelial drug delivery, but also a 
IS way of reducirig peirnwability. ^ 

While not wishing to be bound to any theory, the ef fiicacy of the invcn- 
^ . tion appear, to be related Jp |the selectivit^^^ tar^etrng qccludin for the alteration 
of the intercetlular seal. No presently used mettK>d.fpr enliancia^ tian^iicosal or 
^ . transvascular drug deliy^ tal^es. sulv^u^ of knoy^lpdge of tlu; tight junction's 
20 protein composition. Mo^ approaches propose to aUer intrace^^ 

meclmnisins anf^ arp likely iq Jbc quite nonselective in their action. Ii^ contrast, 
^ tlu^ inyention uses the highl;^ unusual chemistry of the extrace llular domains of the 
sealing prc^ein itself. It is an additional advantage of the invendon that the target 
regions of occludin are extracellular so that antagonists which remain outside of 
25 cells can be developed which avoid interfering with intracellulii}* events. This 
creates the possibility for an exquisitely specific effects of anti-occludin drugs. 
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Examples 

The following examples are presented to further illusttate and explain 
the present invention and should not be taken as limiting in any n:gard. 



Exampl^ 1 

S To clbne the human occludin cDNA sequence, a stibn sequeiM homolo- 

gous to the chicken cDNA sequence was observed fused to an unrelated cDNA 
prl^n^ to encbde the product of the' ftAiP gent in individual!; afflicted with the 
genetic disease Spinal Muscular Atr6phy (I^by, N., et ai:, Cieli sO: 167-178 
(1995)). it was assumed this reptesented a fragment of hmnah occludin, and this 
10 sequence information Was used to clone the fiill-lmgth human o&:ludih cDN A 
using starkiard techniques. Human RNA was reverse traii^ribed and amplified 
with oligbmicleotide primers within the region homologous to chiclcen occludin. 
The expected amplification product was cloiied and used to screen a human liver 
cDNA library, in a phagemid vector, using standard hybridizatiGn methods, 

'is K^ultiple oWrlappinje; cDKA^ were isolated, seqii^c&d, and encoded the 

fuif-lehgth occludin^ Figure 1? Tiie'dediitcecl aimiho acid 

sequenc^ show about 49% ideiitity and about 66% siAiiilarity to chicken occludm. 
The two extraceittilar loop domains, residue^ 58-104 (residues 90 to 138 of SEQ 
' lb NO: 2, inclisive) aniJ 164-211 (fesiducs 1% to 2^6 of SEC! tt) NO: 2. inclu- 

20 sive)ri^spective/y, in htuniah occiudin,' ar^ Si-iTU mi 184-227 (inclu- 

sive) in chicken occludin show tl» same highly untisukl cheihistcy: ' 

Example 2 

This example shows that occludin confers adhesiveness when expressed 
in fibroblases. 
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cDNAs, Antibodies, Peptides and Ce^l Lines Employed 

The 675-niicleotide occludjn sequence found in the liiitranslated region 
of the human neuronal apoBtosis inhibitory gene (Roy, N., et af., C^U 80: 167-178 
(1995)) was used to design PGR priincrs. and reverse transcni:<tion-PCR was per- 
5 formed using polyA* mRNA from Caco-2 cells as template. Ttie resuking cDNA 
fragment was used to screen a humaii liver library (Clontech) ;iiid a full lej^th 
cDNA was isolated and sequenced (QenBank Accession U538:::t). A similar 
protocol was recently reported by Ando-Akatsulca,^r qL, cited above, to clone the 
full-length human occhidin, which demonstraites an exact matcla at thcjmino acid 

10 lev^l to our sequence. Tte full tengfli sequeiice was subclon^l into the pC36 

expression vector with and without a; 15 amino acid tag at the C;-terminus. This tag 
represents flie carboxy-terminus of the vesicular stomatitis vims glycoprotein 
(VSV-G), j 

A cDNA encoding the last. 150 amino acids of humai^ occludin was 

15 subcloned into the pGEX-lN vector and the resulting glutatluone-S-transferasc 
(GST) fusion protein used to generate anti-humap occludin antHiodie^ in guinea 
pigS;^ The same GST-fusion protjsin was also used tp generate ra]t)bit polyclonal 
antibodies using an accdecated immunizatbn program refep:d to as PolyCJuik™. 
The resultant rabbit polyclonal rabbity anti-human occludin polyttlonal anti-sera was 

20 affimty purified using a GST-occludip coupjed gel, Ral?bit polyclonal anti-peptide 
amibodies raised against aoino acids i9Q^n of buotan occludin and two cpntigu- 
ous peptides: peptide #1 (CDRGYGTSPXX3$VGYPYGGSGF;P, SEQ ID NO 3) 
and peptide «.(CSYGSGYGYaYGYGYGYGGYippR, SEQ 1[D NO 4) were 
' empJoyed. Tpgethet these comig]jiCHis peptides con^wse the pirtatiye first exuacel- 

25 . lular loop of the occludin protein. Amino terminal cysteine residues arc not part 
of the occludin sequence but were added to allow conjugation for antibody 
production. Because of the highly repetitive nature of the amino acid sequence of 
loop #1, it was difficult to design a cpntrol peptide by '•scrambling" the sequence. 
Instead, a peptide from the putative ^ytopla^ip N-terminal region of occludin 

30 (NHYA?SNDIYGGEMVHRPML. ID NO 5), with the sime isoelectric point 
(pI-6.2) as peptide #1, was used. Anti-ZQ-1 antibody, secortflaiy antibodies 
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(FTTC and Texas libeUed) for iinmuiiofluorcsccnce are affinily^purified. 
species-J^««ificfromJack«,nIininuno«se^^ Laboratories (Westover. lA) and 
for immunoblots ftom Aihcrduun Corp. (Arlington Height^!. IL) .nd Chemicon 
International, iiic. (Ten^^cula. CA). Anti-VSV-G antibody was -fiom MBL (Nago- 
5 jra, Japan). ' 

Tissue Qdture and Ceil Transection 

; All cell lines wert maintained in Dulbecco's modified liagle's medium 
supplemented with 10% fe^ bovine serum (Atlanta Biologicals, Norcross. GA) 
lb and ahtibidtic^ in 5% Cdi? CeUi wete transfected by caltium phosplxate copre- 
cipinuion (Ch.n. C.A:. ami Okayama. A.. Bioteclm^s 6: 6^2.^ (1988)); 
transieni tnmsfectants wete indUced with 5 mM sodium butyntte fdr 1^20 hours 
before immunofhiorescent analysis. Occludin localization experineots were 
originally aitempted after tbnsient t«nsf«.i6ns. 
15 results from stable cell lines are reported in this example. Subl. cell lines were 
selected with 6o6 ,E/t^ G418 (Gibco BRL) for lO days, at wteich time r«»stam 
cIo6.» were atialyzed for occludin «t«ssi6n by ixnmunofluor«.«nfcei Occludm- 
' positivft cdli were inaintsfi^ 

imnimobtottingandlnui^flu^^ 
. 20 For i^itoolilbt analysis, cbnfluerit Gaco-2 cells werti rinSed in phos- 

phate-buffered saline (PBS) a«l lysed b sodium dbdecyl sulfate (SDS) «unple 
buffer and h^tea^ti 95X: fdr 10 .^^^ Control i«l stable octtadin-expressmg 
ceU m at iubconfluent density, aUoWed to attach and spread for 8 

W.andindiicedvnth5rhMs6di«mbutyra«.forl^^^^ 
25 rinsed with PBS and samples prepared as above. Protei. sam,>.e. were separated 
hy SDS 10% PAGE (LaemmlU U.K.. Sasure 227: 680^85 (H^O)) and ^ 
,Ld to nitroceuulose erowbin. H.. et ai., Pr^c m. Acad. '3cL USA 76: 4350- 
4354 (1979)). Nonspecific protein binding was blocked with 10% nonfat dry 
milk 01% tween-20 in PBS for at least 1 hour at room temperature. Ant.- 
30 occhldin antibody (rabbit anti-human) was used at 1:1000 dihtlton. others as 
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indicated in figure legiends. Detection was by enhanced chemiliiininescence (EQL, 
Amersham). 

For inununofluorescent localization studies, cells were: grown on glass 
coverslips* To demonstrate that the buQian occludin construct oyjld be expressed 
5 and targeted appropriateiy in tight junction-containing cells, MDCK cells were 
used for the initial transient transfection assays. MDCK cells were tiansfected and 
induced with sodium butyrate as described above and stable cells lines were plated 
and induced as described for immunoblots. Cells were washed mih PBS, fixed in 
1 % paraformaldehyde in PBS, extracted with 0.1 % Triton-X IW) and quenched 
W^t 50 mM J^H^CI in PBS. . In expcripaente to t^^t the accessibiility to the anti- 
. pepti^ #1 antibody, incubation of the ^riniaiy antibody was performed, withpui 
pennaeabilizadon of cells with Triton^X 100. Cells were blocketil for l .hour in 
- PBS plus 2% goat serum, incubated in primary amilmlies (and-'/SV-Q at 10 
ug/ml, guinea pig anti-occludin at 1:250, and anti-ZO-1 at 1:300; affinity-purified 
15 anti-peptide #1 antibody at 1:10) for 1 hour, washed and incubaled in affinity- 
purified secondary iantibpdies (1:100) for I hour. Cells. were washed, dipped in 
Hp and mounted in Vectashield (Vector Labwatories), The samples were 
. ^^^^^^ with a, Nikon Mic^fot-]pX epipuorespence niicrpscopc; photographs 
/ ; . were taken ^iOi 17^^ automatic 
20 dcposure setting, . , 

Cell Adhesion Assay: 

^ Adliesipn of stably tranrfect^ cell lines was me^red by a modification 

^ pf the procedure described by Wesseli^gi J,, et ql,, MoL BipL C^ll 7:565-577 
(L996). Cell lines were plated and induced witfi sodium butyrate: as described 
25 above. Cell layers were rinsed twice with c;a^+-Mg2+-free PBS aiid dien incubated 
for 30 mmutes in Ca^^-Mg^^-fiee PBS plus 1 mM EDTA and 0.1 mg/ml DNAse. 
After 30 minutes, cells were mechanically dissociated, counted and lesuspended at 
a concentration of 2.5 X 10* cells/ml in Ca^^-Mg'^^free PBS, 1 niM EDTA and 
0.1 mg/ml DNAse. For each condition, the adhesion assay was performed in 
30 di^licate in two 50-ml conical lubes on a rotating platform at 80 ipm at 25°C. At 
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each time potot. tte mimber of particles in two 175 ul aliquot of <j<ich tube was 
detennined in a Coulter Counter (Hialeah, FL). The amount of a«iiiesion was 
represented by N/No, where Nq was the initial number of particle:* in each sample 
(the starting number of sihgle cells), iEUid Ni was the number at ea: h time point. 
5 " 100% of cells Were sii^gle at the beginiiing of all assays, as deteirained by phase- 
' contrast raicrbscbpy. Some experiments were performed m the pncsence of the 
peptides described above. 

Anti'hunim Occluditi Aniibbdi€s 
^' As cfcscribed aboVc/ 6c^ cDNAs were isolated froin a human liver 

' ioi libiiiy. thfe C-terininal 150 amirib acidi were sbbcloned mio i p<5EX vector and 
the resulting GST-iusidn protein was Used to generate polyclonal antibodies in 
gliii^ pigs. Use 6f these infiboditt iii Wwtern blot analysis df die human 
cbionic cell line, Caco-2, idfentificd an antigen (doublet) at about 65 kDa. the same 
size as ilie antig^ recognized previously (Fallon, M.B.. et aL, Am. J. Physiol. 
15 ^60: ci057-!662 (1995)) by anti-chicken ocCludin antibody. OtiKjr antibodies 
" used m these snidfes iicW^^^ a cbiuncrciaily available afRdty-purified anti-human 
-^^^^hidiii rabbit^^^ ag&l the same C-terminal fiiisiw:trti>rotein and an 

first extracellular loop (CDRGYGTSLLGGSVGYPYGGSGFG. fUSQ H) NO 3). 
20 All antibodies recognize a doublet in Caco-2 cells. Multiple bands have been 

reported before aiKl may result from an uncharacterized posttiinjilational modifica- 
' ' tidn: & adi^tibn, anfi^cten'bcC^^ rebbgiuze a sitialler molecular 

weight protein of abcwt 20 lcDa;1d^i liature bf this'cross-rpactMg lipitbtse is 

unknown, thus, all antibodies; Used iii ffie preset studies excluiJ vely recognize 
25 bccludin; results with the anti-chicken antibodies are shown to cort^>iarc with our 

previously characterized antibodies but were not used for experiments reported 

herein. 
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Expression of Transected Human Ocdudxn in MDCK Cells 

To confirm thai transfected human occludin could locaiize appropriately 
in cells which noiinally expressed occludin, MDCK cells were (lansienUy transfec- 
ted with VSV-G^tagged taiman occhidin cloned in the pCB6,ve(.tor. Expression 

5 was induced with sodium butynite and cclk stained for ZO-1 aril for VSV-G. 
ZO-1 immunofluorescence reveals the typical reticular pattern of tight junction 
stainmg. ' Immunofluorescence using the VSVX5 amibody shows that in cells that 
expressed low levels of human occhidin, the transfected protein 'vas concentrated 
at sites of cell-cell contact', although higher expressing cells also expressed 

10 considerable occhidin elsewhere in the cell. It was concbided.tlti»t the VSV-G- 
tagged human occhidin can target appropriately tQ. tight junctioiu; in cultured 
epithelial cells which have pre-existing tight junctions. 



Expression of Transected Human Occludin in Fibroblast Cell lines 

The expression and localization of occludin were examined in three 
15 fibroblast cell Unes that do not form recognizable tight junctions or electrically 
resisUve ifionolayers in culture. NRK celb, Rat-l cells and L-ails 4o not 
normally express detectoble occludin by Western blot analysis.. Thi* apparent lack 
- of expression is not due to aainabiUty of.the antirhu^ «> 
Kbogmze rodent bcctadin, since a slightly smaller form of occltdin is easily 
20 detected hi immunoblots from whole rat Iddney - .Fibroblast cells lines were 
transfected with the pCB6 occludin vector and stable cell lines y/ere selected on 
the basis of antibiotic resistance with G418. - G418-rcsistant cloiial cell Unes Were 
screened by inannnofluoresccnce and of the snuiU number of oc:ludifrexpressiog 
cell lines, none had more than about 40^6 of the cells expresshu? detectable 
25 ocdudm. Obcludin was readily detectable by Western blot amJysis in some stable 
cell lines, and was inducible in all ceU lines after 18 hours expcsure to 5 mM 
sodium butyrate. The transfected human occhidin exhibited a higher apparent 
molecukr weight characteristic of human occludin when compared with rat 
occhidm. The three fibroblast cell clones used for mostpf the following experi- 
30 ments could be induced to express approxunately equal amounts; of the occhidui 
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transgenc. The inducible nature of occludin exiwession allowed comparison of 
uninduced with induced cell lines, as well as ccmparison to non-transfected ceils. 
In addition, a Rat-1 cell clone (Rllocc) expressing about one-thiixl less occludin 
was used in some studies to look at the effect of expressing a low<ir level of 
5 occludin. 

Yonemum, S.. et aL, J: CeU ScL iOS: 127-142 (1995) previously 
described th^t in NRK cells, ZO-1 localizes to sites of cell-cell D>:ataet. along with 
other proteitis normally associated with adherens junctions. Thiu ZO-1 distribu- 
tion was also noted in NRK cells, as well as in another fibroblasi: line, Rat-1 cells, 

10 although the latter cells are not as flat and tend to have less reguljirly spaced cell 
contacts!' In both NRK cells and in rat-1 ceUs, human occludin colocalized with 
ZO-1 at sites of cell-cell contact, as well as showing a diffuse and lower level of 
expression over the entire plasma membrane. Occhidin did not appear to be more 
concentrate between two neighboring cells when both expressed occludin, 

15 suggesting diat in these tiansfected cells, intercelhilar occludin-oc^ihidin interac- 
tions do not appear to appreciably stabilize occlucto localization. In fact, occludin 
appears to conceiitrate >Vith ZO-1 even when tl^ adjacent cell dc«s not- contain 
detedtable occludin. Both trahsfected cfell lines also had small airounts of occludin 
exprci&cdiclsewhere in the ceU/ posisiblyj in intiacdhilar Vesicles iind plasma 

20 memhraii^ aggregates. In contrast, mouseilxseUs, which lack Ercadherin and 
adhercns-like jiusctioiis (Angres,fi.» ief a/., 7. CeWBioL iJ4f2;:]-10 (1996)) 
concentrated neither ZO-1, nor occhidin at sites of cell-cell contact. Both appear 
difiusfely distributed over the plasma membrane; although ZO-1 1"**^ occludin, 
is" cbncehti^ted in puncta on the apical surface.- 

25 Occludin Expression Confers Adhesion on NRK ond Ratrl cells, l?ut not L-cells 

The ability of transfectcd occludin to confer adhesion onto fibroblast cell 
lines was assessed using a suspended cell aggregation assay (W4Hiseling, 1,, etai, 
MoL BioL Cell 7: 565-577 (199&)). AH cells were counted as s ingle particles at 
the beginning of the assay and any decrease in the fraction of particles over the 80 

30 minute assay was the result of aggregates which are excluded by the Coulter 
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Counter. Aggregation was qualitatively confinned by light niicr3scopic inspection 
and correlated with results quantified by the Coulter Counter. liiomunofluoreS' 
cence confirmed that ZO-1 and occl^din are clustered between :iilherent cells after 
the 80 minute assay. | 
5 As shown in Figure 3, bu^an occludin promoted cell aggregation in the 

absence of calcium in bpth Rat-1 cells and in NRK fibroblasts, but not in Lrcells. 
Expression of occludin in NRK and ^t-1 fibroblasts induced a steeper slope 
([Ni/No]/ time) and lower final number of particles per unit vohune at 80 minutes* 
Jhe longest time assayed. In addido^, when two Ra^-1 clones vn'th differing levels 
10 . of occludin expression were tested iii this assay, the degree of adhesion at 

jm^t^s correlated in a positive way jwith the level of occludin expression (Figure 
4). It was not determined whether t6e degree of adhesion measured in this assay 
correlates with the level of occludin expresssed per cell or the pe rcentage of cells 
expressing occludin, The effect of ajlbesion was not due to treiitment of cells with 
IS but^rate, since adding butyrate to fibroblasts transfected with p(ZB6 without the 
ocpijudin cDNA did not result in increased adhesion. The ^^lue of [H|/No x 100] 
ne^ver dropped below 40% sug^c^sd^ ceUs were noi^<|hesi>/e. Although 
. unn^nofluoiescence ^tucties showed not alt cells express occludin, attonpts to 
. , §^fffatc a^^i[eg^l^ from^ single cells j^uid dtetermine whether no:aig^gating cells 
20. were those showing less or no occlu(iin expression w«e unsuco^isful. 

Antibody Accessibility Reveals Exposure of Occludin on the Extvcxellular Surface 
,^ The model for oqcludin topography predicts; a region rich in glycine and 

r^sine ii^ positioned ,as the first, or more N;tenninid, of the tM^p e^^traoellular 
loops. . To detmnine whether these sequences arc e^osed on titc outside of the 

25 cell, their availability in nonpermeabilized living cells to an ant'it»ody raised against 
a synthetic peptide corresponding to the first 23 residues of this loop were as- 
sessed. As determined by Western blotting, these antibodies have very low 
affinity and consistent results were only obtained using human Caco-2 cells which 
contain many fold higher levels of occludin that did the transfected cells. The C- 

30 terminal ZO-1 binding domain of occludin was previously shov^ii to be intraccUu- 
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lar (Funise, « a/. , cited abcive) and consistent with this, immumUluorescence 
analysis of noiipetmeabilized Caco-2 cells stained with an antiboly to this region 
reveals no specific staining. After detergent permeabilization, ttt same antibody 
reveals a typical reticutor occludin staining pattern. KChpermeal^Jizied Caco-2 
5 ceUs incubated in 1 mM EDTA aiid antibody raised against the putative extracellu- 
lar sequence shows a similar pattern of stainirig. suggesting this Sequence is in fact 
exposed on cell surface. Less labeling Was obiervdd Swhen cells were not exposed 
to EDTA, suggesting the sequences are not available to bind aniilxidies unless 
ceiitacts are fifst diSrapted by chelating'tiivi'lerit ciiiioias. Hoover, even after 
10 exposure to EDTA thb antigen is niot uniformly accessible. Hwvevcr, the antibody 
accessibUi^ proves the putative extracellular lotjp'is ihdciM «traccilftlar. and a 
target for occludin inhibitors. 

Occtiidin Peptides InfulHi Ociludm-induced Ad^ 

To detetmine if the extracelhilar sequences of occludin are directly 
15 involved in' the adhwion* observed in the occludiii-tiarisfected fibroblasts, an 
assessmeik of coiiipetition for the adheSiv^^ 

sijonding to bofli iiaives of ihe first putative ektracfclluiif loop wasltttoipft^ 
i^igaK 5). 1*^tides were tested at 1. 10 and 100 jM. Both #1 and #2 

completely Wrifiited' iid^^^^ in both the RaM Snd NRK cell clones at lb(j>M 
20 (Rat-lceU). Peptide #1 reversed approximately half the alhesion at 10 fiM, 
suggcstiiig an apparfcnt K, in this range. Th^ apparent K, fbr peptide « was 
■ reproducilily wmewbat hig^^^ These apparent 

ti&bition constants siiggesi this region of occludiii j^aitksipalia^^ 
' affinity biiidimg inier^ctioii. An ikcmiil wiliidin pi^' add«*l 6ver the same 
25 concentration range was ineffective at inhibiting occtodin-depetilent cell adhesion. 

Discussion aid Conclusions 

Thus, transfected human oreludin colocalizes with ZO-1 ait sates of cell- 
cell contact in some fibroblast cell lines, and cells in which owludin colocalizes 
30 acquire adhesiveness. In addition, it was shoWn sliown that the putative first 
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extracellular loop of occludin is accessible to antibodies in the al^senccr of cell 
penneabilization. thus suppoiting the pxedicted transmembrane ix^pology originally 
based on hydrophobicity profiles (Fumsc, et al., cited above). Finally, it was 
demonstrated that peptides with sequences matching this extraceVuIar loop de- 
S ' crease cell adhesion in occludin-expressing fibroblasts in a dose -ilepeiKlent fashion. 
Ttese data imply that this loop participates m an adhesive intersxtion, and the 
peptides are acting as competitive inhibitors at the adhesive surface. 

The human occludin used herein was capable of propC'ily targeting when 
expressed in cultured q>ithe]ial cells which contain preformed ti:g tit junctions 

10 (MDGK cells). In contrast, when expressed ectopically m; fibroblasts, occludin 
localized only at cell-cell contacts in lines aheady. capable of localizing ZO-1, i.e. 
NRK cells and Rat-1 cells. ZOl is Iqiown to bind directly to occludin through a 
ISO amino;domain at the Crterininus; of occludin (Funisey at , cite^; Sfbove). 
. Without wishing to be bound to any theory, it appears from obsi^irvations in 

15 fibroblasts is that occludin uses prelocalized ZO-1 as its predomiitate targeting 

signal. This observation is different than that of Balda, M.S., et aL, J. Cell Biol. 
134(4)- 1031-1049 (1996). who expressed a tnmcate4 fonn of osiludin without the 
ZO"-! bihding domain in MDCK cells a|id found it still capable ol' targeuting to the 
tight juhcdon: Because these cells abeady ^ntain. preformed 

20 lateral interactions between occludin proteins wjthin the same ce ll or between cells 
cduld Account for localizatibn: However, in- the absence of endpt^i^KHi;^ occludin, 
de novo tai^geting of occludin in fibroblasts appears to require biading to ZO-1 , 
not lateral or cell-cell association bm^een occludiii.proteins. 

- Neither ZO^il.nor ectopically^expr^ssed ^occludin was capable of 

25 localizing to cell coiitacts in the I>ceU clone use^ Occludin was 

diffusely distributed over the cell, again suggesting that accumulal ion at cell 
contacts isnot a strong intrins^ic property of occludin. This LrCell clojne was 
previously shown to express very low le.vels of cadherin, and coiusistent with this it 
lacks Ca^*-dependcnt adhesion ( Angres et al., 1996). It was recstitly shown that 

30 the cadherin-binding protein fi-catenin binds to, ZO-1 early after initiation of cell 
contacts, and that these protems subsequently sort over time into distinct tight and 
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adherens junctions (Rajasekaran. A.K., et al.. J. CeU Biol. 132A'M-46i (1996)). 
Interaction with cadherin through fl-catenin provides a tentative explanation for 
why ZO-1 clusters at cadherin contacts in occludin-null cells and why ectopically- 
expressed occludin fails to chister in cells which lack cadherin. Tltf: cell-cell 
5 contacts of NRK cells have been diown to contain several compoiu;nts of ad- 
herens-type junctions, vinculin^ a-actinin (Yonemuia. S., et at., J, CeU Sci. 
705:127-142 (1995)). thus direct or indirect inlCTaction with^any erf fliese could 
conceivably also pro>dde a mechanisni to recniit ZO- 1 and ocdudiii. 

Tte results suggest a correlation in fibroblasts' between tlie ability of 
10 occludin to cluster at cell-cell contacts and confer- adhesiveness, :^^fithout wishing 
to be bound to any theory, one possible explanatioii ii that t)cehidin molecules 
must cluster to gain sufficient cooperativity for adhesiveness to hit detected in the 
ass^y employed htSre^ Other cucnmstantial evidence also suggestJi occliidin's 
adhesiveness is not inherently high. For exampte; as judged by inimunofluores- 
15 cence, no more occludin accumulates between two fibroblasts whi«* both express 
occludin th?m between null cells and expressing cells. In addition, even when 
expressed on two adjartart cells, occludin never iMomoteS a continuous linear, tight 
' juobti6n-like,)Comact arid its ;e;q>ression does not seem to rooiphc.logic9lly alter the 
. pre-cxist^nt ZQ'l 'Containing «?bntact- Another explamtion for tfe*; correlation 
20 bet^iwen clustering and adhesion might be that occludin must inteiact vfith cyto- 
plasmic proteins present in the plaque to induce an adhesive conli^tinatlon. Both 
models are consistent with the known properties of other adhesion molecules, such 
as the integrinsi which; increase adhesion through etasterihg as wil as.through 
c6nf ormatioaal changes hiduced ftom die cytoplasmic side (Dehju , S . . and 
25 HanniganvG E.* Curreia (^oti in Cell Biology 8: 657^ 0996)). 

McCarthy. RM., et al.. J, CeU Sci. i09:2287-2298 (1996) demonstrat- 
ed the colocalizaiion of ZO-l and chicken occhidin in MDCK culU cultured in low 
calchim, both in wiskailar structures within cells and occasionally between cell 
pairs, consistent with the idea that ZO-l-occhidin interactions cjui be maintained in 
30 the absence of Ca»* . It was demonstrated herein that occludin is adhesive in the 
absence of calcium, although bne possiblility is that occludin merely enhances 
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cadherin-based adhesion, or adhesion due lo other ceil suface proteins, even in low 
calcium. It seems more likely that the longstanding obs«rvaticTi that tight junction 
formation is dependent on calcium-d^ndent cadherin-dependcitt cell conUct may 
be based on the requirement of cadterin to induce the higWy cttganized and 
5 adhesive state of occhidin within the tight junction and not a nM|uiranent for 
cadherin as a co-adhesive receptor. Contrasting results in NRK^ and Rat-1 cells 
with I^cells suggests the testable hypothesis diat clustering ancl or interaction with 
ZO-1, and not cadherin per se is required to observe adhesion. 

Occludin has been proposed to h^ve two extracellular loops, based on 
10 four predicted hydrophobic transmembrane helices and inunimD logic evidence that 
the C-terminus is intracellular (Furuse/ef a/., cited above). Il was confirmed that 
at least the first of these loops is in fact exUacellular, since it is accessible in a 
npi^tmc^baized cell to an aptibody generated tp a pelade seij jepcp contained 
within this loop. This example focuses on the first extracellu Utr loop because it is 
15 the least conserved and thus may provide species-s^pMific reco|§;[iition. Recent 
woiic of Wong and Gumbiner, cited above, have dwppnstrated ihat a peptide 
consisting of the chicken sequence for the secpncji loop blockedl tninsepithelial 
electrical resistance when applied to cultiijecljpoipolaY^^rs^^^^^^^ cells. In 

their assay f peptide consjjsting of the first loop of ihci chicken ^?uence had no 
20 effect on transcpilhelial electrical resistance,- consistcpj with th? possibility for a 
. species specific s^uence requirement. 

It was shown that two separate peptides containing contiguous sequences 
of the first extracellular loop are both capable of inhibiting adlu^ion in the 
Qccludm-transfected fibroblasis. Similar methods have beeti u!«Mi to inhibit the 
25 , ,. function of other cell adhesion molecules; for example, sinall, i^jpt^des conteining 
extracellular loop sequences for connexins delay gap junction fc^^mation (Warner, 
A., et at., J, Physiol 488(3)m\m^ (1995)), and a cadherin extracellular peptide 
inhibits eimbryo compaction (Blaschuk, O.W., ef a/.. Dev, Bid I39(l):221'229 
(199D)) and contact-dependent granulosa cell apoptpsis (Peluso. J.J., et al., 
30 Endacnn. 737^:1196-1203 (19%)). WhUe not wisliipg to be bou^d to any 

theory, it seems that the extracellular loops of occludin are in\ calved in binding a 
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protein on the adjacent cel., either through a homophi.ic interaction or with some 
oth^r binding pawner. Consisu^nt with the possibility that occludin i^^^ ^-"P''^'^ 
adhesion'protein is its induction of adhesion in previously occludi.-mUl fibroblasts. 
The apparent Ki in the fibroblast assay for both peptides is in to 
5 of ia-100.M, suggesting a relatively low affinity. The observ.:ion that both non- 
overlappi.^ peptides, which together repr«*nt the enti« first loc^.. ^paiately 
inhibit adhesion suggests the protdn^i^e^^ 

loop This i«>uld be consistent with the observatibii that among m five occludm 
W»ces Svailibi., it is th. unusual ciipbsitioh of &e lodp. ar.l not necessanly 

10 irptiniaty secfUen^. which is cor^(^^^ 
'hasb^^^nshowtdWiW^rofthet^^^ 
freeze ftac^re electron microscopy (FuJimoto.K. 
^ (i9$5)) The abiUty td f(«fti linear polyhfers in fiB menrt.tahe and interact 

= Wanextensivept^insurfacemay^themec^^^^^ 
15 a moIecular:ievel barrier across tlu: paracellular pathway 

The results conf«m the topography of occltidiii. donorstrate occludm s 
V' - abiil^-td induce adhesion wheii e*^ m cdls laddhg tight .hmcti««, and 
suggest h W be clus^ of b^^^ 

^ '-^^^ . 
20 t^i^^lMlar ^ of the tight j^^^^ 

try of its extracellular loops and by infludices d^ cytopla^ic pl.^P«>te,ns. 



25 



^ The idvehtibri -wi^ made with partk g0venm«nt si.p^dVt with NIH ROl 
Die45iM.'l^ftl ^1 fc6979; ^ind NCf 0^^62« gnmt^. ThB goVtimmcnt has 
certam rights in the invention. 

Tte above description is for the purpose of teaching the person of 
ordi««ysldU in them how t. practice the present invention, audit is not 

intended to detail all ^ obvious modifications and variations of it whtch wdi 
become app^«nt to the skilled worker upon reading the description. It ,s mtend- 
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ed, however^ that all^^ch obvious modifications and variations b& included within 
the scope of the present invention, which is defined by the folIoH'ing claims. The 
claims are intended to cover the claimed components and steps in any sequence 
which is effective to meet the objectives there intended, unless the context speci- 
5 ficaliy indicates the contrary. 

The papers cited above are expressly ipcorporated herein in their entire- 
ties by reference. 
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(2). INFORMATION FOR SEQ ID. NO; X: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 2312 

(B) TYPE: nucleic acid 

(C) STRANDEPNESS : single 

(D) TOPOLOGY:, linear 

(ii) MOLECULE. TYPE: 

(A) DESCRIPTIpN: cDNA 
(v) FRAGMENT TYPE: complete sequence 
. . (ix) ^ FEATURE;. ... - - 

. (A) .NAME/KEY^:^, hu^ occludin, ■ ' .) 

(xi) SEQUBNgS DESCRIIvriON:,. SEQ ID NO: 1 : 

GCCTCTCTCC ATCACfACAGC CCAAGG^TTCC ATCCGAAGCA GGCK3GAqCAC-r 50 

CGAACGCACC CCGGGGTGGT CA0G|3AGCGC CATCCGTGCT GCCrcCCTAGG 100 

AGCCCGCGCC TCTCGTGTGG GqCQCGCCTC TCGGGCCGCA ApATCGCGCG 150 

GyTGGTTTAA CAGCGCGCTQ GCAQGGTGTG GGAAGCAGGA CCCtCGTCCTC 200 

CCGCGCCCTC CCATCCGAGT TTCAGGTGAA TTGGTCACCG AQCJC3AQGAGG 250 

CCGAGACACC ACACCTAGAG TCCGGCGTCC ACCTCTCCCT CC<rrGCTTCC 300 

TCTTGGGGGA GGCGGCAGGA AGP5AQAQCC AGQTCCAGAG. CGCTOAQGAq 350 

' CCQG^TCTAGG ACGCAGGAGA TTG^TTTATC TTGGAAiGCTA AACfOTC^^ 400 

CTCATCiGTGA AGATCAGCTG AjCpL'i^gyvCJA ATCAGGGATC, TQifrcCAGGC. 450 

; GTqyy,?;AAAG TCCAGG:?;<p;<rp^ *^^GA9QGGTG A'TJC^T^C^ 500 

TATGCACCAA GCAATGACAT ATATGGTGGA GAGATGCATG TT(?j3ACCAAT 550 

GCTCTCTCAG CCAGCCTACT CTTTTTACCC AGAAGATGAA AT^['':rrTCACT 600 

TCTACAAATG GACCTCTCCT CCAOGAGTGA TTCGGATCCT GTCrfATOCTC 650 

ATTATTGTGA TGTGCATTGC GATGTTTGCC TGTGT^GCCT . CCAC^C^CTTGC 700 

CTGGGACAGA GGCTATGGAA GTrCCCTTTT AGGAGGTAGT GTAGGCTACC 750 

CTTATGGAGG AAGTGGCTTT GGTAGQTACg GAA.GTGGCTA TG<j:rrATGGC 800 

TATGGTTATG GCTATGGCTA CQQAGGCTAT ACAGACGCAA GA(3CA(3CAAA 850 

GGGCTTCATG TTGGCCATGG QTGCCTTTTG TTTCATTGCC GC(3TTGGTGA 900 

TCTTTGTTAC CAGTGTTATA AGATCTGAAA TGTCCAGAAC AACxAAGATAC 950 

TACTTAAGTG TGATAATAGT GAGTGCTATC CTGGGCATCA TCGTOTTTAT 1000 

TGCCACAATT GTCTATATAA TGGGAGTGAA CCCAACTGCT CAGTCTTCTG 1050 

GATCTCTATA TG<3TTCACAA ATATATGCCC TCTGCAACCA ATTITATACA 1100 

CCTGCAGOTA CTGGACTCTA CGTGGATCAG TATTTGTATC ACFACTGTGT 1150 

TGTGGATCCC CAGGAGGCCA TTGCCATTGT ACTGGGGTTC ATGATTATTG 12 OO 
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TGGCTTTTGC TTTAATAATT TTCTTTGCTG TGAAAACTCG AAGA:^AGATG 1250 
GACAGGTATG ACAAGTCCAA TATTTTGTGG GACAAGGAAC ACATTTATGA 1300 
TGAGCAGCCC CCCAATGTCG AGGAGTGGGT TAAAAATGTG TCTGCAGGCA 1350 
CACAGGACGT GCCTTCACCC CCATCTGACT ATO'fGGAAAG AGTTGACAGT 1400 
CCCAT6GCAT ACTCTTCCAA TGGCAAAGTG AATGACAAGC GGTTITATCC 1450 
AGAGTCTTCC TATAAATCCA CCSCCGGTTCC TGAAGTGGTT CAGG/iGCTTC 1500 
CATTAACTTC GCCTGTGGAT GACTTCAGGC AGCXrrCGTTA CAGC^iGOGGT 1550 
GGTAACTTTG AGACACCTTC AAAAAGAGCA CCTGCAAAGG GAAGJ^GCAGG 1600 
AAGGTCAAAG AGAACAGAGC AAGATCACTA TGAQACAdAC TAOi^CAACTG 1650 
GCGGCGAGTC CTGTGATGAG CTGGAGGAGG ACTfC^lfcAG GGWlTATCCA 1700 
CCTATCACTT CAGATCAAC7V AAGACiT^OTG TAcSiAGA^^ ATTirrGACAC 1750 
TGGCCrTACAG 'GAATACAJfeA GCTTAO^Tb AtlRA^^ GAGJCrCAATA 1800 
AAGftACTCfc CCGTTTGeAT AAAGAATOSG ATX^CtATAG AGAiVGAAAGT 1850 
GAAOAGTACA TGGCTGCTGC TGATGAATAC AATAGACTGA AGQVAGTGAA 1900 
GGGATCTTGCA GATTACAAAA GTMlGAAGAA tCATTGeAAG G&iSTTAAAGA 1950 
GCAAAttGTC ACACATCAAG AAGATGGft'G GAGACTATGA TA^ftGAGAAA^ 2000 
ACATAGAAGG CTGATGCCAA GTTGTtTGAG AAATTAAGTA TCTGACATCT 2050 
CTGCAATCTT CTCAGAAGGC AAATGACTTT GGACCATAAC CCCGGAAGCC 2100 
AAACCTCTGT- GAGCATCACA AAGTTTTGGG' TTGCTTTAAC ATCATCAGTA 2150 
' TTCaAGCATT TTATAAATCG CTTTTGATAA TeAACTGGfeC TSA7JcAAGtC 2200 
CAAT^AAGGA TirrtTATGCTT l*AiAACATTGd TTCTTGTATT aAG^iATGAAA 2250 
' TACTGrrraA GGXTTTTA^LG CCrfriU^GeA AGG^rteTGG* GTOJikACtAAA 2300 
CTTTCACACd CC ' - " . : . TV / i. 2312 



(3) INFORMATION rok BEQ ID NO: 2i - 
'(i) SEQtJENCE CH>UUVCTERISTICS : 

(A) ' LENGTH: 522 

(B) TYPES; amino icid *' • • 

(C) STRANDEDNEisS : single 

(D) TOPOLOGY: linear ^ 
(ii) MOLECULE TYPE: 

(A) DESCRIPTION: pplyjpeptide 
(vj FRAGMENT TYPE: coroplete sequence 
(ix) FEATURE: 

(A) NAME/KEY: human ocCludin 
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(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 2: 



Met Ser Ser Arg Pro Leu Glu Ser Pro Pro Pro Tyr Arg Pro Asp 
5 10 15 

Glu Phe Lys Pro Asn His Tyr Ala Pro Ser Asn Asp lie Tyr Gly 

^ 20 25 30 

Gly Glu Met His Val Arg Pro Met Leu Ser Gin Pro Ala Tyr Ser 
35 4.0 45 

Phe Tyr Pro Glu Asp Glu lie Leu His Phe Tyr Lys Trp Thr Ser 
50 55 60 

Pro Pro Gly Val lie Arg lie Leu Ser Met Leu lie lie Val Met 

' " .- S5 ^- . ' ^■ 70 - . 75 

Cys lie Ala lie Phe Ala Cys Val Ala Ser Thr Leu Ala Trp Asp 
80 .B5 90 

Arg Gly Tyr Gly Thr Ser Leu Leu Gly Gly Ser Val Gly Tyr Pro 
^ ' 95 , 100 105 

Tyr Gly Gly Ser Gly Phe Gly Ser Tyr Gly Ser Gly Tyr Gly Tyr 
110 115 120 

Gly Tyr Gly Tyr Gly Tyr Gly Tyr Gly Gly Tyr Thi* Asp Pro Arg 
* ■ 125 ; 130 135 

Ala Ala Lys Gly Phe Met Leu Ala Met Ala Ala Phet Cys Phe lie 
- ' 140 145 150 

Ala Ala Leu Val He Phe Val Thr Ser Val He Arcf Ser Glu Met 

- ' ' • XSS ISO I ' 165 

Ser Arg Thr Arg Arg Tyr Tyr Leu Ser Val He Ilts Val Ser Ala 
170 175 , 180 

lie Leu Gly He Met Val Phe He Ala Thr He ValL Tyr He Met 
■ ^ ■ 185 ... 190 195 

. Gly Val Asn Pro Thr Ala Gin Ser Ser Gly Ser Leu Tyr Gly Ser 

^ 200 ... 205 210 

Gin He Tyr Ala Leu Cys Asn Gin Phe Tyr Thr Pro Ala Ala Thr 
215 220 225 

Gly Leu Tyr Val Asp Gin Tyr Leu Tyr His Tyr Cya Val Val Asp 
230 235 240 

Pro Gin Glu Ala He Ala He Val Leu Gly Phe Met He He Val 
245 250 255 
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Ala Phe Ala Leu lie lie Phe Phe Ala Val Lys Thr Jl:rg Arg Lys 

260 265 270 

Met Asp Arg Tyr Asp Lys Ser Asn lie Leu Trp Asp Lys Glu His 

275 280 285 

lie Tyr Asp Glu Gin Pro Pro Asn Val Glu Glu Trp Val Lys Asn 

290 295 300 

Val Ser Ala Gly Thr Gin Asp Val Pro Ser Pro Pro Ser Asp Tyr 

305 310 315 

Val Glu Arg Val Asp Ser Pro Met Ala Tyr Ser Ser Asn Gly Lys 

320 325 330 

Val Asn Asp Lys Arg Phe Tyr Pro Glu Ser Ser Tyr Lys Ser Thr 

335 340 345 

Pro Val Pro Glu Val Val Gin Glu Leu Pro Leu Thr fJer Pro Val 

350 355 360 

Asp Asp Phe Arg Gin Pro Arg Tyr Ser Ser Gly Gly ilsn Phe Glu 

365 370 375 

Thr Pro Ser Lys Arg Ala Pro Ala Lys Gly Arg Ala )31y Arg Ser 

380 385 390 

Lys Arg Thr Glu Gin Asp His Tyr Glu Thr Asp Tyr Thr Thr Gly 

395 400 405 

Gly Glu Ser Cys Asp Glu Leu Glu Glu Asp Trp lie Arg Glu Tyr 

410 415 420 

Pro Pro lie Thr Ser Asp Gin Gin Arg Gin Leu Tyr Lys Arg Asn 

425 430 435 

Phe Asp Thr Gly Leu Gin Glu Tyr Lys Ser Leu Gin Ser Glu Leu 

440 445 450 

Asp Glu He Asn Lys Glu Leu Ser Arg Leu Asp Lyf; Glu Leu Asp 

455 460 465 

Asp Tyr Arg Glu Glu Ser Glu Glu Tyr Met Ala Alet Ala Asp Glu 

470 475 480 

Tyr Aen Arg Leu Lys Gin Val Lys Gly Ser Ala Asi> Tyr Lys Ser 

485 490 495 

Lys Lys Asn His Cye Lys Gin Leu Lys Ser Lys Le j Ser His He 

500 505 510 

Lys Lys Met Val Gly Asp Tyr Asp Arg Gin Lys Thr 

515 520 
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(4) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: peptide , 
(v) FRAGMENT TYPE; synthetic peptide'^ v 
(ix) FEATURE: 

(D) OTHER INFORMATION: construct usecl in esqjeri- 

ments 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Cys Asp Arg Gly Tyr Gly Thr Ser Leu. Leu Gly Gly Ser Val Gly 
5 10 15 

Tyr Pro Tyr Gly Gly Ser Gly Phe Gly 
20 



(5) INFORMATION FOR SEQ ID NO: 4; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 / ^ * 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION: peptide ^ 

(v) FRAGMENT TYPE: synthetic peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: construct used in experi- 
ments 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Cys Ser Tyr Gly Ser Gly Tyr Gly Tyr Gly Tyr Gly Tyr Gly Tyr 
5 10 15 
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Gly Tyr Gly Gly Tyr Thr Asp Pro Arg 
20 



(6) INFORMATION FOR SEQ ID NO:' 5: 

(i) SEQUENCE CHARACTERI$TICS : 

(A) LENGTH: 20 j; 

(B) TYPE : amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: lineal 

(ii) MOLECULE TYPE: 

(A) DESCRIPTION; pejitide 
r (V) FRAGMENT TYPE: synthetic peptide - 

(ix) FEATURE: j 

(D) OTHER INFORMATION: construct used in experi- 

tnenta ; 
(xi) SEQUENCE DESCRIPTI0j!|: SEQ ID NO: 5: 

Asn His Tyr Ala Pro Ser Asn Asp He Tyr Gly Gly Glu Met Val 
5 10 15 

His Arg Pro Met Leu 
20 



(7) INFORMATION FOR SEQ ID NOV 6 i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 *^ i ' 

(B) TYPE: amino aci.d ^ 

(C) STRANDEDNESS: single' 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: j 

(A) DESCRIPTION: peptide 
(v) FRAGMENT TYPE: synthetic peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: construct U6€;d in experi- 

ments 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

Ala Ser Gin Gin Val Tyr Arg Lys Asp Pro Cys 
5 10 
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CLAIMS 

1. An isolated and purified human occludvn polypeptide shown in SEQ ID NO: 2, 
or a fragment or variant thereof. 

2. A polypeptide according to claim 1 corresponding to residues 90 to 138 of 
SEQ ID NO: 2, or a fragment or variant thereof. 

: 3. A polypeptide accpijding to cjaim 1 correspondipg to residues 196 to 246 of 
SEQ ID NQ: 2. or a fragment or variant thereof. 

4. An isolated nucleic, acid molecule comprising a sequence selected from the 
group consisting of: 

(a) a sequence of a genomic DNA done or a cDNA eni:<xling human 
occludin, wherein the noncoding strand of said DNA hybridizes under stringent 
conditions with a DNA probe halving the sequence shown as. niicJeotides 534 to 
2003 of SEQ ID NO: 1; 

(b) a sequence degenerate with the sequence of (a); and 

r (c) a sequer^e Qonq>lem^ the full len^ of the itncleic acid of (a) or 

(b). 

A nucleic acid molecule according to claim 4 which is. DNA. 

A nucleic acid molecule according to claim 4 which is RNA. 

A nucleic acid molecule according to claim 4 which encoders, human occludin. 

8. A method for enhancing drug delivery in a patient comprising administering an 
effective amount of an occludin inh^itor to said patient, 



5; 
6. 
7. 
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9. A method according to ciaim 8 wherein the occludin inhibitor is a peptide 
having a sequence corresponding to residues 90 to 138 of SEQ ID NO: 2, or a 
fragment or variant thereof. 

10. A method accoiding to claim 8 wherein the occludin inhibitor is a peptide 
having a sequence corresponding to rdsidues 196 la 246 of SEQ W NO: 2, or a 
fragment or variant thereof. ' ' ' , ■' ' 

11. A inethod for screening for an tsccludih ifihibitor' comprisiftg a ssaying for 
binding to a sequence selected from the groupi consi^lting of residiKis 90 to 138 of 
SEQ ID NO; 2, a sequence corresponding to residues 196 to 246 of SEQ ID NO: 
2, fragments thereof » variants thereof, and mixtures of any of these. 

12V A method according to claim 11 comprising an in vitro binding assay. 

13. A method according to claim 11 cOmiprisDng an iri vitro assay measuring 
adhesive properties of the sequences. 

^14^' A' metiiiwf adiinlii^ to dalra 13' whidii c6inpdse« fibroblasi; adhesion mea- 
surements. 

15. A method according to clainif 14^ which comprises ekctrica l resistance mea- 
surements or transmonolayer flux measurements. 

16. A method for screening for the presence or absence of occludin inhibition by 
a tc^ sample comprising: 

(a) adding the test sample to an in vitro culture of epitliulial or endothelial 

cells; 

5 (b) addiiig ail occludin loop' peptide and the test sample to a second culture 

of the same cells; 
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<c) incubating the cultures for such time under such coaditions sufficient to 
observe growth in cultures containii« no test sample; 

(d) comparing the extent of adhesion in cultures with tejit sample and 
10 peptide with the extent of adhesion in cultures with no peptide; and 

(e) determining the presence of inhibition by observation of more adhesion 
in culwres with test sample and less adhesion in cultures havin? test sample and 

■ peptide. " 

17. A method for screening for the presence or absence of oadudin inhibition by 
,v . 'a.testisample comprising:' ' ^ 

« r. • (a) adding the test sample to sainwtro culture of epiti^ilial or endothelial 

cells; 

5 Q,) , adding an occludin loop peptide ^ 

of die saine !cells: ■ ' " • • 

(c) adding a tracer compound to both cultures; 

(d) inoibating the culmtes for such time under such conditions sufficient to 
observe growth in cuWes containing no test sample; 

10 (e) comparing the extent of tracer uptake in cultotes wilh test sample and 

pq>tide with the extent of tracer uptake in cultoires with no p^tide; and 
" j^-'j- detOTiinui^ iiicii)esbnce of inhibiUoo by bbservattioii ofeincrcased 
" trafcer uptafe in cidturcs WiSi test samiple and decreased tracer uptake in cultures 
having test siiimple and peptide. 

18. A/itiethod accdrdirig to clainis 16 or 17 wherein the ocblu din loop peptide 
corresponds to residues 90 to 138 of SEQ ID NO:2, or a ffagrttent or variant 
thereof.- • r . . ''^ -r.'..^ '^r '--,--^ 

19. A method according to claims 16 or 17 wherein the occludin loop peptide 
coftespbnds to residues 196 to 246 of SEQ ID NO: 2, or a frafiment or variant 
thereof. 

20. An occludin inhibitor identified according to the methods of claims 11 to 16. 
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Figure 1 



ArrWAATCAJU^TTrCtCACGCTCTJUIXTATr T X T IUUU C J^GTAC^ 

1 * ♦ CO 

tMbCTTTAaTTTlUJgGAOTGeaiMTCrXTAMTATrrraTGX 



131 







aTOTTggAceauiTBCTCTgTeiactaceciJuriici': ; nxce 




rAc 


H'AciMCTcaTTAcaAeAaMaTcaoiromTcu 



110 



CAQJUaATttAk Ai ILi iUUl TT C tAe JUU t OQACCTCT CCfg aiOOACTtKOTCSCJlTCe 

uiLrrt ' iA crT r aA fl iuM CTC AA f aTCTrrACCT f^ fc a^^ 

IfliCSAISCTCATT&XTC^XUAlUI&CllTTOCCA 
AOUATACGMtiUlTUeACT 

S M ^ X I V M C t A ^ I,, . X P,, V . A S T L A - 

eCTCBBACiyaAOO C tJlTaOA ALi iUX. > I gAfi gA O QT AOTCTAggCTACCCrrATCOAC 
101 * — - — *• 110 

GoaM :cc t o tCT cec 3^ncctT ?i a q o c AM A t LV' - ^^^ 



GAJUif ilC^ 1 It X ABCf ACOaMUTGCCTATOaC rATQOCTATOQTTJil^GGCTATGQCr 
341 * — — * 4. — 420 

crrcAceoAAACCATcmTaccrrcAccoAxibccQtf^^ 
4 G r s s r 0 fi 0 v a y o y g y o y g y- 



ACcqAgocTATAWftrrcAAfiAacAgCAAAttQccrraaaTTCcccA^rtwcTccc^^ 

421 * AlO 

T9CCtCeGA7XT«7CT6<mTCTCGTC3rrTCCCGAA(RACAACra 



aOYTDPAAAK 



aPKLAKAArC- 
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crmmTT5CCGCCT7C57GATCrTTCTTACCAaTC^ 

kil - - • — ♦ ♦ 540 

CAAASTAmSSCCCSJU:CACTAGAAACAATaOT 

r : X A L V I r V. T B V I r s .£ w j : r t - 

C A» O JU^TArTACTr;u^T0TO^TA^TWTOMTCCTXTCCW I TA 

S4L \^ --4. * * 600 

(TTTCrTCrATOATCAATrCAaiCXmATCJlCTClU^ 

R R.^.v ."if t....s_.v.". ..y- s.-.Ax^iJr L;---a.:-M' M^-.v^r : - 

rrcccACAATTCTCTATATAATqqaiCTaiuiccau^ ac TCAgT Ci s cru ^ : c ; a t 
sai -^-.---l-^i.--'-....*.- — ♦ ♦ MO 

AACC U T a riAACAQa'^T^TTACCCTCACTTgOCTTQJ^ 



!'■" r 

A T I V 'ir X M 



C, y P . 7 A O :B ..S - a S 1* Y - 



A T CpU I lCA eaJU^T|iLTAT3CCC?trrqCAA CC AA T TrrAlA C A CC TCCAOC^ 

C«X — . . 730 

TACCA W:UlV;A "ATACCCOAOA Ctrr E GQ 7 TA AAATATCTOCACQTCCATC J.CCTCAgA 

; • ' ' , • < 

ACOTOaATCACTATTTgTATCACTJ tf:iCWllT;Xv: CATCCe e Aga^ 

;7at 1 — — — 710 

TCCACCTMTCJ»TiVUCATACTQATOACACAA^ ^ 

* "'.V ;o '.a y 'v^V' h -y" W >r^Q*'';r^^- a| t v - 

TACgCC Q^ntJ VTCATT A TT O T Q C Lr 1 1 HiCi I ' JA ATA Ai A 1 XL J IIUL itf J tBilAAACgC 

701 .w.-i:..:-^^,.:..^;...,.:: ♦ 040 

incnrrrroAQ 




OAAaAA»BAT0CXApL0<nATGRauyffICauiTATnTB ^ ^ 

141 .C..^ • ^ 900 

CI JLLX UCi A reTOTCCAT ALiUI I CAUaX rA T»AjUteAC CCilUi.ICCrrUJ XTOM.TR^ 

AacAQCAseeccccAATQY a aocMTqoctTiuuug vra r o T ^ ^ 

901 « — ♦ tSO 

TIlCTCOICUUGCQi 1 1 A C MCTCCTCA rcC R> r A.A' i" f JI C R C AaA CG i CCUi t rroTCCTGC 

ft y P H V K S ,W Y' ' K » V' S. A G T Q D V - 

XaULA AU fcCCCCCATCTaACTATCTOMUUUlMTtOAj^^ 

«1 - ^ ♦ ♦ — — - • 1020 

AaSQAAOrGGGGOTAQACrGATACACCTTTCTCAACTOTCMaOT^ 

PSPP SDYVBRVDaPKAYSSSr- 
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ATCGOUU^SAATCftOJlGCSSTrrrATCqAaAGTC^ 

\ 

ioai • — - — • *- • 1010 

TACCGTTTCACrrACTGTTCQCCJUUkArJUSQTCrrCAGAiU^ 

OKVKDK RrXPjES SYXS Tpvp- 

toil ♦ ♦ - — ^ 1X40 

aJWCrrCACCAAOTCCTCCAAGOTJUlTTSJ^CQUCACCTJlCTCM^ 

I - . 

C V V g C L P T 6 ; P V DOT K Q P R . Y - 

. . ACAaaMSCOCTaOTJUtrmAOXCACCTTtlAAAAM 

1141 * * — • ?r * 1200 

TOT C gtCgCXACatTTOAAACTCTQTOmAd l tlTr CtCOT^ 

I 

s ..G^-'Cv y--r -T P -BViH'' r ' a" p . a. k",.0 X. A^.; a • 
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12CV - — * ^ lafto 



SMCAakOATC^ 

CTTCeACTTTCT C T T C g ^ti rTCTAOTOXTA C T Cm I tf 1 Wi - Olti i X U AC COCCOCTCA 



.R ■ S'-'K. R - T e Q- d'' k' Y't-'i' t' o y t" t o'^'c B & ' 

aOACACTACTCOACCTeCTCCTdACCtMrrC^ 
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AAJUUlCARCTCXJUaUiaM«AATT^ gyTACRAT 
1331 .^--^•.-*.-.**.;tf3;iVi. ijio 
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'-^^ ' ' • ^- i." .X . 



1311 * ♦ ------ * 1440 
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IfOl ♦ 1- —7- ♦ 1510 
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CACAUTCiUMSAMSIiTGCTTCQJU^ 






CTCTCrmi't rcnCIACCAACCTCTgATACTATL"iU'ILi:rTOT 




rrccGACTAcraT 



HIXXMVGD YDRQKT 



icai • — ♦ — — ♦ , liio 
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